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Abstract 
In this paper, a modular charging design that uses the sunlight as input power to charge the golf carts used in the 
United Arab Emirates University (UAEU) campus is presented. The design of the charging station involves several 
steps such determining the required power level in order to meet the load requirement, optimizing the charger design, 
and most importantly, evaluating the economic feasibility of the charging station. An overview of the project is 
presented followed by design considerations and evaluation of the system size and economic feasibility.   
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1. Introduction 
The energy that the sun emits is not utilized efficiently. As a fact, the energy the sun radiates in one 
hour is more than the energy consumed worldwide in one year. Solar power offers a cleaner and more 
sustainable future. In UAE, the average solar radiation in a year has one of the highest values in the world 
[1]. In order to utilize the high solar radiation and to diverse the energy resources in UAE, which is 
among the highest priorities in the country, UAE has legislated many new policies recently to encourage 
the use of renewable energy sources such as solar power. Abu Dhabi’s Economic Vision—2030 aims at 
generating 7% of Abu Dhabi energy requirements from renewable resources. Some climate data for UAE 
is given in Table 1. 
In this paper, some design aspects for a solar charging station for the golf carts used in UAEU campus 
are presented. The organization of this paper is as follows: Section 2 presents an overview of the 
architecture of the charging station. Section 3 derives the optimal sizes of the system’s components. 
Section 4 presents an economic evaluation of the system followed by conclusions in Section 5.   
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Table 1 
Climate Data for UAE [1], [2]. 
 
Jan. Feb. March April May June
MSR 
ASH 
MAXT 
MANT 
7410 
8.1 
23.9  
14.3  
8670 
8.6 
25.4 
15.5 
7710 
8.7 
28.4 
17.7 
8410 
10.2 
33.0 
21.0 
9760 
11.3 
37.7 
25.1 
9820 
11.5 
39.5 
27.3 
     July Aug. Sep. Oct. Nov. Dec.
MSR 
ASH 
MAXT 
MANT 
9160 
10.7 
40.9 
30.0 
9150 
10.5 
41.3 
30.4 
8880 
10.3 
38.9 
27.7 
8500 
9.9 
35.4 
24.1 
7720 
9.3 
30.6 
20.1 
7010 
8.2 
26.2 
16.3 
MSR: Monthly solar radiation in kWh/m2 per day. 
ASH: Average sunshine hours per day. 
MAXT: Monthly average maximum temperature in degree Celsius. 
MANT: Monthly average minimum temperature in degree Celsius. 
 
 
2. System’s Architecture 
The photovoltaic (PV) output power varies with sun irradiance and ambient temperature. Hence, a DC-DC 
converter must be used to regulate the output voltage at the load side and control the PV system operating point 
around the maximum power point (MPP).  Figure 1 shows a simplified PV battery charging system.  
 
Figure  1. A simplified block diagram of the PV charging system. 
 
The charging system has three main components including: 1) solar panels; 2) power converter (charger); 
3) DC storage (battery). The load (battery) in this paper is the battery used in UAEU’s golf carts which is 
a 6V Trojan T-105 lead acid battery. Every golf cart has 8 batteries with a 1.5kWh capacity for each 
battery, and 12kWh as total capacity for the 8 batteries.   
           
 
Figure 2. A block diagram of the system’s components (left) and an actual prototype for the proposed system (right).  
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2.1 Solar Panels 
Solar panels consist of PV cells arranged in series and parallel combinations. PV cells convert the 
sunlight into direct current (DC) [3]. A solar panel can work at different voltages; however, there is a 
specific operating voltage at which the output power of the panel has a maximum value. This operating 
point is known as the maximum power point. In order to track this point, a maximum power point 
tracking (MPPT) algorithm is usually implemented in the DC-DC converter. 
 
2.2 DC-DC Converter 
The power that is generated by the solar cells is unregulated. To make it usable, it must be regulated 
using a DC-DC converter. Thus, a DC-DC converter is an electronic circuit that converts a dc power to 
another dc power by stepping up/down the voltage or current. A DC-DC converter has two main 
functions: 
• Regulating the output voltage or current. 
• Maximizing the output power of the solar cells through an MPPT algorithm. 
Basically, there are three fundamental DC-DC converter topologies: buck (step-down), boost (step-
up), and buck-boost (step-up/step-down). Since a buck-boost converter allows both stepping up and down 
the input voltage, it is usually used in PV chargers. Buck-boost circuit configuration is shown in Figure 3. 
The circuit mainly consists of two storage elements (one inductor and one capacitor) and two switches 
(transistor and a diode). 
The MPPT is an algorithm that makes the PV module produces the maximum power it can deliver 
under specific conditions. MPPT is a fully electronic system that varies the electrical operating point of 
the modules so that the modules are able to deliver maximum available power. Additional power 
harvested from the PV modules is then made available as increased battery charge current. The major 
principle of MPPT is to extract the maximum available power from PV module by making them operate 
at the most efficient voltage (maximum power point).  
The solar cells supply input power to the charger input, which in turns regulates this power and 
delivers it to the load (battery). The converter must handle the variation in the charging current due the 
variation in solar radiation. That is, the output voltage of the DC-DC converter must not exceed the upper 
voltage limit of the battery, and the charging current must not exceed the permitted upper limit.  
 
Figure 3  Buck-boost converter 
2.3 Battery 
A battery consists of one or more electrochemical cells connected in series and/or parallel that convert 
stored chemical energy into electrical energy and vice versa. Each cell contains a positive terminal 
(cathode) and a negative terminal (anode). Electrolytes allow ions to move between the electrodes and 
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terminals, which allows current to flow out of the battery to perform work. The capacity of the battery is 
defined as the energy stored inside the battery. It is usually measured in watt-hours (Wh), kilowatt-hours 
(kWh), or ampere-hours (Ah). The Ah capacity is the common unit which indicates the energy storage 
capacity of the battery. To increase the cycle-life of the battery, the charging rate must be optimized.  
 
3. System Sizing  
3.1 Panels Sizing 
According to [1], the minimum amount of solar irradiance in the month of January in UAE per day is 
7.416 kWh/m2. Using this value and considering a surface area of 1.5 m2 (approximate surface area for a 
200W panel), the average hourly power that is generated on this surface from the solar energy is 463.5W. 
This amount of power is the input power to one panel. The output of the panel depends on the efficiency 
of the panel. Practically, most panels have efficiency between 15% and 16%. With this efficiency, the 
output power of the panel will go down to around 70W. 
Since every cart has eight 1.5 kWh batteries, the total load of one cart is (8)(1.5kWh) = 12kWh.  In 
order to fully charge a completely depleted golf cart battery in eight hours (the minimum sunlight hours 
year round in UAE), the amount of power that must be generated from the panels in one hour is 
(12kWh)/(8h) = 1.5kW. Also, to account for the losses in the connections and the DC/DC converter, 
which are around 10 % to 20%, the output power of the panels must be increased in order to get an 
average of 1.5kW in one hour. That is, the average output power of the panels must be 1.875kW. 
In order to generate 12kWh per day with all mentioned constraints met, and using 200W solar panels, 
the number of panels need is 10 panels for each golf cart.  
3.2 Charger Sizing 
Each golf cart has a 48V DC bus, and 8 6V lead-acid batteries with a total capacity of 12kWh for the 8 
batteries. In order to charge the batteries in 8 hours (assuming completely depleted batteries), the charger 
must output 1.5kW of power at 48V. 
 
4. Economic Evaluation 
The energy consumption for one golf cart is 15kWh per day and 450 kWh per month. Since Al-Ain 
distribution company charges 0.15AED per kWh, [4], the total charging cost for one cart will be 
(0.15)(15)=2.25 Dirhams per day. The cost for one cart per month is 67.5 Dirhams, and per year is 810 
Dirhams. The total charging cost for the 13 carts per year is (13)(810) = 10,530 Dirhams. Below are two 
cash flow diagrams (CFD): the first diagram ignores the maintenance cost for the system, while the 
second one considers an approximated average yearly maintenance cost. 
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Figure 4. CFD with maintenance neglected. 
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Figure 5. CFD with maintenance considered. 
 
In Figures 4 and 5, C is the capital cost which is approximately 90,000 Dirhams, S is the yearly 
savings of 10,530 Dirhams, and M (Figure 5) is the average maintenance cost per year, which is around 
1,000 Dirham.  
Considering the initial cost of the system is around 90,000 AED and the yearly savings are around 
10,530 Dirhams, the system will pay off after almost 9 years without the maintenance cost and after 10 
years with the maintenance cost considered. 
The net profit can that can be achieved can be calculated the following generic equation:  
I = n (S – M) – C      (1) 
where S: yearly savings, M: average maintenance cost, C: initial cost, I: net income, and n: the number of 
years. 
 
5. Conclusion 
Solar energy is one of the most important renewable technologies that have a great potential due to the 
enormous energy that the sun emits year round. In this paper, a design procedure for a solar charging 
station for the golf carts used in UAEU campus is presented. Since UAE has a great potential of using 
solar energy, and due to the national interest in relying on solar power in different applications and the 
incentives and legislations that are taking place, the presented concept is expected to attract attention. The 
system’s components, sizing, and economic evaluation were carried out through this paper. One remark 
on the proposed charging station is that it has a modular design. That is, it can be oversized or downsized 
to meet the demand and allocated budget. Although it was shown that the system is economically feasible 
on the long run with the values used (~pay off time is around 10 years), it is expected that more savings 
can be achieved when more incentives for using renewable energy sources exist. 
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